Regulation of the mitochondrial Na+/Ca2+ antiport by matrix pH.
The effect of matrix pH (pHi) on the activity of the mitochondrial Na+/Ca2+ antiport has been studied using the fluorescence of SNARF-1 to monitor pHi and Na(+)-dependent efflux of accumulated Ca2+ to follow antiport activity. Heart mitochondria respiring in a KCl medium maintain a large delta pH (interior alkaline) and show optimal Na+/Ca2+ antiport only when the pH of the medium (pH0) is acid. Addition of nigericin to these mitochondria decreases delta pH and increases the membrane potential (delta psi). Nigericin strongly activates Na+/Ca2+ antiport at values of pH0 near 7.4 but inhibits antiport activity at acid pH0. When pHi is evaluated in these protocols, a sharp optimum in Na+/Ca2+ antiport activity is seen near pHi 7.6 in the presence or absence of nigericin. Activity falls off rapidly at more alkaline values of pHi. The effects of nigericin on Na+/Ca2+ antiport are duplicated by 20 mM acetate and by 3 mM phosphate. In each case the optimum rate of Na+/Ca2+ antiport is obtained at pHi 7.5 to 7.6 and changes in antiport activity do not correlate with changes in components of the driving force of the reaction (i.e., delta psi, delta pH, or the steady-state Na+ gradient). It is concluded that the Na+/Ca2+ antiport of heart mitochondria is very sensitive to matrix [H+] and that changes in pHi may contribute to the regulation of matrix Ca2+ levels.